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STUDIES ON AUSTRALIAN CAINOZOIC BRACHIOPODS 


1. THE Loop DEVELOPMENT OF FRENULINA 
SANGUINOLENTA (GMELIN 1790) 
By Joyce R. RICHARDSON* 


ABSTRACT: A description is given of the growth stages of the loop of Frenulina 
sanguinolenta from Australian waters which supplements the four stages described by 
Deslongchamps from Tahiti in 1884. Early growth stages are characterized by the 
presence of septal flanges which, in later development, form projections of the transverse 
band. Later growth stages show that, with regard to loop structure, the affinitics of 
F. sanguinolenta lie with Kingena and Aldingia. 


INTRODUCTION 


The familial classification of the Tercbratellacea 
is based on the developmental and adult pattcrns 
of the loop. The subfamilies of the Dallinidae 
(of which Frenulina is at present a member) are 
differentiated on the loop patterns exhibited within 
a range of stages dcfincd as dallinid (Elliott 
1953). Since Elliott’s review the loop develop- 
ment of some members of the Dallinidae, Macan- 
drevia cranium (Miiller), Terebratalia transversa 
(Sowerby) and Fallax dalliniformis Atkins, has 
been studied carcfully by Atkins (1959a, 1959b, 
1960). No two of these dallinid genotypes show 
identical patterns of loop development, Atkins 
(1959b) suggesting, for example, that T. trans- 
versa may need to be placed in a separate sub- 
family or family. 

The earliest stages of development arc of par- 
ticular interest since they demonstrate most of 
the diagnostic features upon which loop classifi- 
cations arc based i.e. the origin of the descending 
branches, the development of a hood or a ring 
upon the septum and whether or not additional 
Structures, the flanges, arise on the septum. In 
1884 Deslongchamps described stagcs in the loop 
development of Terebratula (in plates ascribed to 
Terebratella) sanguinea (Chemnitz) = Frenulina 
sanguinolenta (Gmelin) from Tahiti. Dcslong- 
champs figured the loops of four specimens 4 mm, 
5 mm, 8 mm and 10 mm in total shell length. A 
large collection of young specimens of F. san- 
guinolenta from Masthead Island, Quecnsland, was 
available to the author from the Invertebrate De- 


partment, National Museum of Victoria. These 
included all growth stages of structurcs giving rise 
to the loop from the first appearance of the 
median septum at a shell length of 1-1 mm. The 
following account of the loop development of F. 
sanguinolenta includes a comparison with the 
stages described by Deslongchamps. 


TERMINOLOGY 


The terminology used to describe the growth 
stages of the loop and parts of the adult loop is 
in need of revision for the whole phylum. Until 
this is done it has been decided, following Atkins 
(1959a), not to use the terminology employed by 
palacontologists to describe the growth stages of 
the loop i.e. with names derived from the adult 
genus showing a particular pattern. The growth 
stages of the loop are of sufficicnt complexity 
without giving them names which may need to 
be altered with any classificatory change. For 
example in the Treatise (1965) the Dallinidae 
(diagnosis by Elliott and Hatai) is typificd in its 
loop development by a precampagiform stage; 
whercas the samc stage in Hatai’s diagnosis (loc. 
cit.) of the dallinid subfamily Frenulininae is 
termed preismeniform, a stage name which Elliott 
in 1947 had declared to be inaccurate on taxo- 
nomic grounds. Concerning the adult loop of F. 
sanguinolenta, two structures defincd in the Trea- 
tise as prccampagiform flanges (p.H150) and 
laqueiform connecting bands (p.H142) are refer- 
red to in more detail in the discussion. The cxist- 
cence of precampagiform flangcs or of campagi- 
form flanges has not been demonstrated in any 


* C/o National Museum of Victoria, Russell Street, Melbourne, Victoria, 3000. 


111 


112 JOYCE R. RICHARDSON 


species of Campages and so these structures are 
termed here septal flanges. The laqueiform con- 
necting bands are referred to as vertical con- 
necting bands. 


GROWTH STAGES OF THE LOOP 


The youngest developmental stage at a length 
of 1-1 mm (all lengths cited are of the ventral 
valve i.e. the maximum shell length) displays a 
low median septum, triangular in outline, with a 
thickened crest or frec border (Fig. 1A). The 
septum is situated anterior to the mid-linc of the 
valve, but in later growth stages comes to occupy 
the mid-segmcent of the valve. The septum itself 
develops into a high, plate-like structure with a 
lateral outline roughly thc shape of a parallelo- 
gram, its ventral border forming the crest of the 
septum (Fig 1B). Midway along the length of 
the posterior border is a thickened arca from 
which spinous projections extend latcrally. At this 
growth stage (1-4 mm) socket ridges are defined 
as low, subarcuate ridgcs which delimit the 
postero-latcral areas of the valve floor as sockets. 
The posterior border of the valve is slightly 
thickened. 

In succeeding growth stages the anterior border 
of the septum is eroded, the spinous projections 
on its posterior border expand to form lamellar 
plates (= flanges of Atkins 1959b) and a low 
ridge develops which extends from the arca of 
the developing cardinalia to the posterior limit 
of the septum (Fig. 2A, B). By thc time a shell 
length of 2-2 mm has been reached the lateral 
plates or flanges form projections from the pos- 
terior border of a hood which appears as a flared 
extension of both the crest of the septum and of 
the flanges. The socket ridges are now higher, the 
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Fig. 1—Frenulina sanguinolenta. Oblique side views 

of interiors of dorsal valves. A, specimen of shell 

length 1-1 mm with early septum, hypotype NMV 

H175; B, septum showing spinous projections in 

specimen with a total shell length of 1-4 mm, hypo- 

type NMV H176. All figures have been drawn with 
the aid of a camera lucida. 


area of the cardinal process is defined and slight 
thickenings extending medio-laterally from thé 
socket ridges mark the anterior borders of thé 
hinge plates. Crura and crural processes extend 
from areas at the bases of the socket ridges. This 
growth stage is similar to that described by Atkins 
(1959b) for T. transversa at a shell length of 
3-4 mm. Both species display a hood with lateral 
expansions, defined crura and crural processes and 
no indication of descending branch attachments to 
the septum. The only apparent diffcrence is that 
the crest of the septum is thicker in T. transversa. 
There are also similarities to Elliott's (1947) de- 
scription of the earliest stage (2-5 mm) observed 
of Gemmarcula aurea (Sowerby) in which thé 
flanges, in roofing a grooved septum, form a tunnel 
over the posterior crest of the septum. 

In shells between 2:6 and 3 mm in length the 
attachments of the descending branches to the 
septum appear as triangular lamcllar plates with 
oblique lines of insertion running parallel with the 
hood attachments to the septum. At this growth 
stage (Fig. 3A, B) there is some variation in 
different specimens in the extent of erosion of the 
anterior border of the septum, as a result of which 
the position of the descending branch attachments 
varies relative to the anterior border. There is also 
variation in the shape, thickness, size and position 
of the hood; it may be confined to the posterior 
border or cnvclop part of the latter together with 
a section of the crest of the septum. This stage 
may be compared with that of T. transversa 
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Fic. 2—Frenulina sanguinolenta. Oblique side views 
of interiors of dorsal valves. A, specimen 1-8 mm in 
length displaying septal flanges, hypotype NMV 
H177; B, specimen 2-2 mm in length displaying septal 
hood and one flange, flange on left hand side broken 
as are thc socket ridges on the right side of both 
specimens. The dotted line indicates the extent to 
which the developing hinge plates are raised off the 
valve floor, hypotype NMV H178. 
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Fic. 3—Frenulina sanguinolenta. Oblique side views 

of dorsal valve interiors each showing the median 

septum with descending branch attachments in addi- 

tion to the hood and flanges. A, 2:6 mm in length, 

both socket ridges broken, hypotype NMV H179; B, 

3-0 mm in length, socket ridge on right side broken, 
hypotype NMV H180. 


(Atkins 1959b, Fig. 6) at a shell length of 
4-6 mm. 

The next growth stage (3:8 mm, Fig. 4A) 
shows complete descending branchcs with long 
lines of attachment to the septum. The hood with 
its flanges has been converted into a broad lamel- 
lar ring with postero-lateral horns. This is a stage 
similar to that described by Atkins for T. trans- 
versa at a Shell Icngth of 5:2 mm (1959b, Fig. 7). 
Deslongchamps figures a specimen of F. san- 
guinolenta with complete descending branches and 
a tiny hood on the crest of the septum at a shell 
length of 4 mm (1884, Pl. 5, fig. 1). The next 
growth stage he describes at 5 mm (1884, PI. 5, 
fig. 2) is more similar to the 3-8 mm stage de- 
scribed here i.e. with a ring (derived from the 
hood by the resorption of its posterior end) 
arching over the crest of the septum. 

An individual with a shcll length of 4-2 mm 
shows the anterior fusion of the attachments of 
the ring and of the descending branches (Fig. 4B). 
In this individual the fusion has occurred while 
the septum extends beyond the anterior and ventral 
limits of these attachments i.e. the septum forms 
a partition against which the fuscd attachments 
lie on either side. In other specimens observed 
the anterior fusion of the attachments occurs 
almost simultaneously with the complete antcrior 
resorption of the septum so that it is difficult to 
differentiate between parts of the septum and of 
the fused attachments. These differcnces in the 
timing of resorption and fusion in this area at 
this stage may be influenced by the extent to which 


Fic. 4—Frenulina sanguinolenta. Oblique side views 
of dorsal interiors. A, 3-8 mm in length, descending 
branches complete and a ring with postero-lateral 
horns replacing the earlier hood and flanges, hypo- 
type NMV H181; B, 4-2 mm in length with anterior 
fusion of the attachments to the septum of the ring 
and the descending branches and with small lacunae 
perforating the bands Ti n ring, hypotype NMV 


the ring occupies the crest of the septum. As 
noted above, the early hood varies in its position 
on the septum. In addition the descending branch 
attachments vary in the distance they lie from 
the anterior border of the septum. Thus both the 
hood and the early descending branch attach- 
ments may extend to the anterior limits of the 
septum in which case resorption of the septum 
and fusion of the attachments apparently occur 
simultaneously. If, on the other hand, the attach- 
ments of the descending branches and the hood 
or the ring lic posterior to the anterior border of 
the scptum then the process of fusion of the 
attachments may be seen as distinct from septal 
resorption. Until this stage was observed it some- 
times appeared as if a component derived from 
the septum contributed to the regions of fusion 
of the ring and the descending branches. 

At a growth stage of 4-7 mm (Fig. SA, B) 
the results of the progressive resorption of the 
crest and the anterior border of the septum are 
seen i.e. the fused attachments of the ring and 
the descending branches are now separated an- 
teriorly. Posteriorly these lincs of attachment are 
not fused and are still separately attached to the 
septum. At this stage the anterior (and dorsal) 
segments of the ring are perforated by lacunae 
apparent as small perforations in the previous 
growth stage. The adult loop is becoming apparent 
as a result of the enlargement of these lacunae 
and of the progressive anterior resorption of the 
septum combined with the fusion of descending 
branch and ring attachments. The posterior and 
ventral segment of the ring forms the transverse 
band from which projects the postero-lateral 
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Fic. 5—Frenulina sanguinolenta. Ventral view (A) 
and oblique side view (B) of a specimen of shell 
length 4-7 mm showing the anterior separation of the 
fused attachments (of the ring and descending bran- 
ches) and lacunae perforating the anterior and dorsal 
segments of the ring, hypotype NMV H183. 


horns. Posterior to the lacunae thc dorsal seg- 
ments of the ring extend from the transverse band 
to the septum and represent the future frenulini- 
form or vertical connecting bands. Anterior to the 
lacunae the anterior and lateral segments of the 
ring form the ascending branches. The posterior 
ateas of attachment of the descending branches 
to the septum represent the future lateral connect- 
ing bands. This stage is similar to that described 
by Deslongchamps at a shell length of 8 mm 
(1884, PI. 5, fig. 3) as the beginning of the meger- 
liform stage: ‘Non-seulement nous y retrouvons, 
comme dans létat mégerliforme de la ¢. cranium, 
la lamelle externe e, la lamelle interne i et Ics 2 
lamelles accessoires, qui déterminent avec le pont, 
Pespace triangulaire caractéristique de létat 
mégerliforme; mais encore nous constatons, que 
la très-largc lamclle représentant la partic médiane, 
en forme de pont, est reliée aux branches currentes 
par un petit processus quadrangulaire a, qui se 
rencontre aussi dans l'appareil adulte du genre 
Laqueus’ (p. 187). From this account it is diffi- 
cult to determine how the ‘lamelles accessoires’ 
and the ‘petit processus quadrangulaire a’ are re- 
lated to cach other. In his figures of F. sanguino- 
lenta (Fig. 6 this paper) the ‘lamelles accessoires’ 
are not labelled and the labels for ‘processus a’ 
are directed to areas where the postero-lateral 
horns (not described in earlicr growth stages of 
this species by Deslongchamps) and the vertical 
connecting bands (derived from the dorsal seg- 
ments of the ring) arc in juxtaposition. Un- 
doubtedly Dcslongchamps in relating ‘processus a’ 
with the bands seen in Laqueus is rcferring to the 
adult vertical connecting bands but their early 
relationship to other segments of the loop is not 
clear, 


Fic. 6—Frenulina sanguinolenta. Photographic copy 
of Deslongchamps’ figure of an 8 mm growth stage 
(1884, PI. 5, fig. 3). 


The variable character of earlier growth stages 
noted above is apparent also in different speci- 
mens at later growth stages. A comparison of 
Fig. 5 and of PI. 4, fig. 1-3 shows diffcrences in 
the diameter of the ring, in the width of its 
bands and in the length of the posterior segments 
of the descending branches rclative to the total 
loop length. The specimen represented in Pl. 4, 
fig. 1-3, although at a rclatively more advanced 
growth stage than that in Fig. SA, B, displays a 
shorter, more compact loop, earlier growth stages 
of which must have displayed a ring of smaller 
diameter than that seen in the specimen in Fig. 5. 
As a result of this factor the vertical connccting 
bands (the dorsal segments of the ring) occupy 
a more extensive area posteriorly than they do in 
the specimen in Fig. 5. 

The adult loop pattern (Pl. 4) is achieved as a 
result of the vertical connecting bands i.e. the 
dorsal segments of the ring changing their position 
relative to the septum. Two processes are involved: 
the reduction in width of the connecting bands, 
together with growth proceeding medial to these 
segments so that their lines of attachment are 
carried, with the attachments of the descending 
branches, away from the septum. As a result of 
these growth processes the ventral attachments of 
the vertical connecting bands remain fused to the 
transverse band but their dorsal attachments shift 
from the septum to the areas of union of the 
descending branches and the lateral connecting 
bands. The lateral connecting bands represent the 
remaining attachments of the descending branches 
to the septum. 


DISCUSSION 


The main features of the loop development of 
F. sanguinolenta are that the descending branches 
arise from both the crura and the septum; septal 
flanges precede the development of a hood, these 
combined structures being transformed into a ring 
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with posterior horns; lacunae in the anterior seg- 
ments of the ring delimit ascending branches an- 
teriorly and vertical connecting bands posteriorly. 
The adult loop of F. sanguinolenta eonsists of 
descending and ascending branches, a transverse 
band and two pairs of connecting bands, the lateral 
connecting bands running from the septum to the 
deseending branches and the vertieal connecting 
bands running from the transverse band to the 
lines of union of the deseending branches and the 
lateral connecting bands. One feature which should 
be emphasized is the variation noted at various 
stages of loop development in the shape, size and 
position of the hood (and later the ring), in the 
position of descending branch attachments and in 
the fusion of descending branch and ring attach- 
ments relative to the extent of the septum. 

As described above the vertical connecting 
bands in the adult occupy a differcnt position from 
that in the penultimate growth stage. When first 
defined they run from the median septum to the 
outer borders of the transverse band. In their 
definitive adult position they extend from the 
descending branches to the transverse band. These 
bands have been referred to by a variety of terms 
as frenuliniform, laqueiform or posterior connect- 
ing bands. The desirability of using morphological 
terms instead of a terminology derived from a 
variety of genera is referred to above and since 
the term posterior connecting band could apply 
equally meaningfully to either set of bands it is 
proposed that they be referred to as vertical con- 
necting bands. In both positions thcy oceupy these 
connecting bands are vertical to all other parts 
of thc loop. It is also proposed that they be 
differentiated according to the position they 
occupy, that the bands extending from the septum 
to the transverse band be termed the medio-vertical 
bands and that the bands between the transverse 
band and the descending branches be termed the 
latero-vertical connecting bands. 

Although the general pattern and sequence of 
events is similar, there are some discrepancies in 
the accounts of the devclopment of F. sanguino- 
lenta given above and that of Deslongchamps. In 
the first place Deslongchamps does not describe 
the septal plates or flanges which become, in the 
adult, postcro-lateral horns on the transverse 
band. Secondly there is a marked difference in 
the shell size of similar growth stages in the two 
accounts e.g. at a length of 5 mm most individuals 
examined by the author display the adult loop 
form whilc in a specimen of this length figured 
by Deslongchamps the septal structures are not 
fused and are more comparable with the 3-5 mm 
stage described above. In view of these differences 
it is pertincnt to question whether we are dealing 


with the same species. Adult specimens from 
Masthead Island agree in diagnostic features with 
material collected from fourteen different stations 
of the Sulu Archipelago which extends between 
Mindanao (the type locality of F. sanguinolenta) 
and North Borneo. In addition comparison has 
been made with material collected from a wide 
geographical area, from Hawaii, Tahiti, the 
Moluccas and Australia and the examination of 
this material confirms Cooper’s statement (1957) 
that F. sanguinolenta is one of the most wide- 
spread modern brachiopods. Differences in the 
mean size of populations may account for the 
difference in growth stage sizcs, although Deslong- 
champs is inaeeurate in his transpositions of 
Friele’s (1877) figures of Macandrevia cranium 
in the same paper. The presence of flanges in 
the material examined here and thcir absence in 
that of Deslongchamps could be due to the fact 
that Deslongchamps did not examine the very early 
stages in which they are so clearly apparent. 
Figures of the adult loop of F. sanguinolenta by 
Reeve (1862), Thomson (1927) and Hatai (1940) 
all show a transverse band with posterior horns. 

Septal flanges have been described in the de- 
velopment of other species. As noted by Atkins 
(1959b) they occur in the development of Tere- 
bratalia transversa and of Dallinella obsoleta 
(Beceher) but are not retained as distinct struc- 
tures on the transverse band of the loop. Other 
factors in the development of T. transversa and 
D. obsoleta also differcntiate these specics from 
F. sanguinolenta e.g. the absence of vertical con- 
necting bands at any devclopmental stage. Elliott 
(1947) described flanges in Gernmarcula aurea 
(and Cooper 1955, for G. arizonensis) in both the 
developmental stages and in the adult loop where 
they appear as horns projecting from the trans- 
verse band. On the basis of the presence of flanges 
in both developmental stages and in the adult 
loop of G. aurea, Elliott created the new sub- 
family Gemmarculinae. There are a number of 
features characteristic of F. sanguinolenta which 
make one hesitate to refer it to the Gemmarcu- 
linae. The general pattern of loop development is 
similar although Gemmarcula is characterized by 
an early septum with a pronounced median groove, 
by the relatively early fusion of hood and descend- 
ing branch attachments and by an adult loop with 
only one pair of connecting bands (the lateral 
bands) retained. 

It seems that the presence of septal flanges does 
not necessarily indicate a close relationship be- 
tween gencra although a much more comprehen- 
sive study is required before any comments are of 
much value. This is also the case when considering 
the significanee of the origin of the descending 
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branches and of the development of a hood or a 
ring on the early septum. In F. sanguinolenta the 
descending branches arise from both the crura and 
the septum. The double origin of the descending 
branches has been described for Terebratalia trans- 
versa by Atkins (1959b), Terebratella dorsata 
(Gmelin) by Fischer and Ochlert (1892) and for 
Waltonia inconspicua (Sowerby) by Thomson 
(1915). In the only other species, Macandrevia 
cranium, in which early growth stages before the 
completion of the descending branches are de- 
scribed, the descending branches arise from the 
crura alone. The early septum of F. sanguino- 
lenta bears a hood which by the resorption of 
its posterior end becomes converted into a ring, 
a sequence apparent in other species derived from 
a number of different families. 

The most striking resemblance to the loop struc- 
ture of F. sanguinolenta occurs in the Australian 
Cainozoic genera Aldingia and a related new 
genus, and in the widcly distributed Mesozoic 
genus Kingena. Adult examples of thesc genera 
display a loop identical in pattern with the pen- 
ultimate growth stage of Frenulina, that is with 
vertical connecting bands in thcir medial position. 
The adult loops differ only in the relative widths 
of the diffcrent bands which make up the loop. 
The structure of the loop in these gencra is dis- 
cussed, with other morphological features, in the 
following paper (Proc. R. Soc. Vict. 86, Art. 11) 
in which Frenulina is transferred to the family 
Laqueidae. 
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EXPLANATION OF PLATE 4 


Three speeimens of Frenulina sanguinolenta which show the change in _Position and 
extent of the vertical connecting bands in youth and maturity. In Fig. 1-3 the medial sections of 
the bands run between the transverse band and the septum, in Fig. 5-7 they extend from the 
transverse band to the descending branclies. Fig. 4 shows the loop in an oldcr adult specimen 
in whieh the vertieal bands are scen as thin struts linking the transverse band and the areas 
of union of the descending branches and the lateral connecting bands. 


Fic. 1-3—Frenulina sanguinolenta. Anterior, lateral and dorsal views of the dorsal interior 
of a specimen 8-0 mm in length, hypotype NMV H184, X 12. p 
Fic. 4—Frenulina sanguinolenta. Anterior view of a dorsal interior of a specimen 11-5 mm 
in Icngth, hypotype NMV H185, X 12. 
Fic. 5-7—Frenulina sanguinolenta. Anterior, lateral and dorsal views of the dorsal interior of 
a specimen 9-5 mm in length, hypotype NMV H186, X 8. 
All specimens coated in magnesium oxide. 


